INTRODUCTION
Electrorheological fluids, says ER fluids, are types of liquid semi-conductors. They are concentrated suspensions of solid particles in an oily base liquid. Normally, they behave like a medium oil, but when they are exposed to a strong electric field, they seem to "coagulate". An increase of the frictional forces of the fluid on the wall appears. So this "coagulation" induces a change of the apparent viscosity of the fluid. This change is gradual, reversible and proportional to the applied electric field. It occurs very rapidly. The time lapse is very short, about 1 millisec-53 ond. In spite of the high tension required to obtain the ER effect, the total needed power is weak. The current never exceeds some microamps. Thus, ER fluids are able to provide a good interface between a mechanical device and an electric control system. Moreover, the speed of response could allow the realization of mechanical devices actively controlled by "electronic management".
Squeeze Film Damper is a kind of bearing damper. It has been studied for many years and its industrial applications are numerous such in aircraft gas turbine engines. The basic idea is to support a ball bearing in a fluid bearing. The rotation is insured by the ball 54 B. PECHEUX et al. bearing and the oil film is squeezed between the two no-rotating rings (Figure 1) Out of any electric field, the ER fluid behavior could be assigned as a Newtonian fluid. The viscosity of the suspension is given is this case by Einstein formula (Figure 2 ).
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Where a is the viscosity of the base liquid and is the volume of particles up to the total volume of the suspension. When an electric field is applied to the fluid, it behaves like a "Bingham solid". Figure 3 shows the representation of the fluid behavior. The fluid behaves like a solid until the shear stress "rex-FIGURE 2 ER fluid without electric field.
V ceeds the yield stress -'. When the shear stress is up to the yield stress, the fluid could be assimiled to a Newtonian fluid whose Newtonian viscosity is l, say "plastic viscosity". In fact, the fluid follows a model of rheopexy, namely a hysteresis in the fluid behavior next to the yield stress ( Figure 4 ). Another particularity of ER effect is that, like most materials, the "sticking" friction is greater than the "sliding" friction. In other words, the force required to initiate a flow or a shearing is greater than the force needed to maintain it. So it can be considered that there are 2 types of yield stress, a "static" one and a "dynamic" one. 
THEORIES OF THE ELECTRORHEOLOGICAL ACTIVITY
In a microscopic view of the ER effect, the application of an electric field induces the formation of particles' chains. These particles' chains are organised in fiber roughly parallel to the direction of the field. The fluid flow or the fluid shearing can only take place if the chain structure is destroyed. But the presence of the electric field tends to continually reform these chains. There is then a destruction/construction equilibrium. This constant confrontation provides a supplementary mean of dispersing energy.
There is no general theory on the mechanism of ER fluids. A lot of questions are still pending, and theories are needed to explain the ER activity. In this paragraph, we will present the three major theories: the theory of induced dipole, the theory of water joining and the theory of the opposite spins. All these theories give a reliable explanation of the ER effect but each of them fails to expla.in some experimental behavior.
The first one, the theory of induced dipole supposes that, due to the high dielectric constant, the particles become induced dipoles when they are put in an electric field. A diagram shows this effect in figure 5. When the fluid is placed between two electrodes, the field is uniform for pure oil, but for high dielectric constant particles in the liquid, the field gradient is reduced in the particles. Then, particles behave like independent electric dipoles. These di-/ \ FIGURE 5 Theory of induced dipole.
poles can also interact and form chains along the field direction. Some authors try to improve this theory by considering particles geometry, but the fundamental features remain unchanged.
The second theory is the water joining's one. It considers that ER fluid is a suspension of hydrophilic and porous particles in a hydrophobic base liquid. The particles contain a certain amount of water, the absorbed water influences greatly the performance of the ER fluid. The water is hold by mobile ions M+ which can move between the pores of the particles as seen on Figure 6 . When the field is applied, the mobile ions move to one end of the particle, carrying water molecules with them. Thus, this end of the particle becomes overtly wet and water joining can also form between particles. The water joining holds the particles together ,by interfacial tension. This effect is often compared to dry flour added with water. This theory fails to explain the activity of ER fluid without water.
The third theory considers that the particles are spherical. If the ER fluid is placed in a flow or between two shearing plates, the particles spin due to the velocity gradient (1) as seen on Figure 7 . The particles have a high dielectric constant so they be- come induced dipoles. These dipoles in particles are expected to carry out an alignment with the field. Therefore the particle presents a couple (2) opposing the spin and also opposing the flow. This couple is dependent on the electrical resistance of the particles. The apparent v,iscosity is then increased. The quantitative importance of this activity is not known. More- 
ELECTRORHEOLOGICAL FLUID PROPERTIES
This phenomenon appears for an electric field about 500 V/ram. As shown on Figure 4 , the yield stress increases linearly with the field, contrary to the "plastic viscosity" which decreases linearly with the field. In extreme cases, the plastic viscosity could become negative (Figure 8) [Bonneau 1989 [Bonneau , 1990 [Bonneau , 1994 . It is a step by step non linear simulation of the Reynolds equation which governs the film pressure and of the equations of the shaft motion (obtained by a finite element approach with modal technique). The idea is to feed the SFD with a negative ER Fluid and to apply an electric field between two electrodes. Figure 12 where the amplitude in the SFD increases with a decrease of viscosity.
Results for Electrorheological Fluid
The idea is to monitor the viscosity at the rotational speed with a trapezoidal variation of the viscosity (from 0.08 Pa.s to 0.02 Pa.s). (Figure 13 
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